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ABSTRACT 



A transmission media driving system for receiving high 
data rate serial binary data signal, dividing the signal 
into two or more lower data rate signal paths, modified 
duobinary encoding the signals and transmitting the 
signals on respective two-conductor transmission lines. 
The system includes ample encoding circuits for gener- 
ating control signals and a line driver circuit, associated 
with each encoding circuit, that is responsive to the 
control signals to drive one of the transmission lines 
with the modified duobinary encoded signal through a 
transformer. The driver circuit includes multiple cur- 
rent sources that are switched to conducting or noncon- 
ducting states in response to the control signals to drive 
currents through a primary winding of the transformer 
to achieve appropriate levels of the encoded signal. 

28 Claims, 7 Drawing Sheets 
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line driver and the transmission cable. The signal refiec- 
TRANSMISSION MEDIA DRIVING SYSTEM tions cause phase addition and cancellation of the sig- 
nals being transmitted which results in signal distortion 
BACKGROUND OF THE INVENTION and jitter. 
The present invention is directed in general to a sys- 5 A furt . her parameter upon which successful data 
tern for transmitting digital information on transmission transmission and recovery depends is the baseline wan- 
media and, more particularly, to a balanced differential der of lne transmitted signal. Baseline wander repre- 
line driver circuit and method for driving separate con- sents the drifting of a reference level, e.g., an average 
ductor pairs in a transmission line or cable with a multi- DC voltage level, with respect to which the logic levels 
level digitally encoded line driving signal. 10 of the transmitted signal are defined, and represents 
The transmission of digital information over two- another form of common mode noise. Various data 
conductor balanced transmission cable, such as over encoding schemes such as Manchester encoding and 
twin-axial or flat-line cable or over an unshielded modified duobinary encoding serve to minimize and 
twisted pair telecommunication system cable, is well substantially eliminate baseline wander. As known in 
known. The ability to successfully transmit digital infor- 15 the art; such encoding schemes require transmission of a 
mation over such a cable and recover it at a receiving multi-level signal having multiple possible signal levels 
end is dependent on controlling certain aspects of the which are symmetrically centered around a DC voltage 
transmission system. For example, successful data trans- level. 

mission and recovery is dependent on minimizing the Line driver apparatus, as known in the art for driving 

introduction of noise and signal distortion into the trans- *0 a 0 f conductors, is typically constructed to have a 

mitted data signal. A poorly designed driver can cause pair 0 f voltage source drivers each with its own internal 

noise and distortion of the transmitted data signal and impedance. As a result, the respective impedances of 

thereby causes errors in the detection of the transmitted ^ drivers of a pair of voltage source drjvers ma not 

data. The most significant form of noise introduced into be identica i. A difference between respective imped- 

the transmitted signal is common mode noise 25 ances of the drivers, over the differential signal swing, 

One source of common mode noise is tte unbalanced results fa different ^ ^ fallin ^ rates of the 

driving of the two-conductor cable by the line dnver tnsaadM signal . M noted abov * th * differcncc ^ 

apparatuses used herein .balanced driving ; of two-con- ^ rates b a SQUrces of mode noise , A differ . 

ductor cable is ideally achieved when the two conduc- ■ ■ . . , l4 . 

tors of the cable are differentially driven such that the 30 cnce **** n the dnve f "npedances also results in the 

signal potentials on the respective conductors are iden- P^r of voltage source dnvers driving the pair of cable 

tical in absolute magnitude, relative to a baseline refer- conductors t0 different voltage levels for positive and 

ence, but of opposite polarity at each point in time. As ne ^ tIve wh / ch contributes to an unbalanced 

a result, there is a zero net direct current or unbalanced condition, thus causing baseline wander and common 

signal carried by the two conductors during balanced 35 moo f n0lse - 

driving of the cable. Correspondingly, unbalanced driv- Also > m the ^ where voltage source drivers are 

ing of the two-conductor cable connotes that the two provided as emitter follower circuits, the emitter fol- 

conductors are differentially driven in an unbalanced lower circuits do not drive the conductor pair with a 

fashion such that there is a non-zero net signal carried constant source impedance for all possible output signal 

by the two conductors over time. The non-zero net 40 voltage levels. As a result, a mismatch between source 

signal represents common mode noise. and cable impedances intermittently occurs during 

A second source of common mode noise is crosstalk transmission and causes the above-noted problem of 
between proximate transmission cables. The two-con- return *oss. Also, emitter follower circuits inherently 
ductor cable discussed above typically represents only a transmission conductor with faster rising edge 
one of multiple unshielded insulated pairs of conductors 45 rates 111311 falling edge rates. This results in significant 
within a single multipair cable. Crosstalk results primar- differences in signal edge rates across a differentially 
ily from capacitive interpair coupling from one conduc- driven two-conductor cable thus contributing to com- 
tor pair into another proximate conductor pair. The mon mode noise- 
induced differential signals represent the crosstalk The continuing trend with respect to digital informa- 
noise. Thus, crosstalk is also a source of transmission 50 tion transmission is to increase the effective bandwidth 
interference. A major source of emissions in two-con- of the transmission media by sending data at a faster 
ductor cable is common mode noise since such noise is data rate. However, there are limitations on the ability 
a non-zero net signal carried by the two-conductor to increase the data rate of transmissions over two-con- 
media. Thus, unbalanced driving of the transmission ductor transmission cable, especially unshielded two- 
media is also a cause of spurious emissions. 55 conductor cable such as used in telecommunication 

A third source of common mode noise in differen- systems. One limitation on increasing the data rate is 
tially driven two-conductor cable is the difference in that spurious emissions increase from unshielded cable 
signal edge rates, i.e., rising and falling edge rates, on as the data rate increases. For example, the increased 
the respective conductors, since such differences do not data rate represents ah increased rate at which signal 
mutually cancel. The difference in edge rates can result 60 edges occur, so that noise generated by edge rate differ- 
in common mode noise due to the instantaneous unbal- ences increases with the data rate, 
anced driving of the two-conductor cable. Also, an increased data rate represents an increase in 

Successful data transmission and recovery also de- the high frequency spectral content of the transmitted 

pends on minimizing the return loss of the line driver signal. This high frequency spectral content is, in turn, 

apparatus. Return loss is caused by a mismatch between 65 a source of electromagnetic emissions from the trans- 
the line driver output impedance and the impedance of mission media which, as noted above, are a cause of 

the transmission cable. Such impedance mismatch re- crosstalk and common mode noise. Further, the levels 

suits in signal reflections at the interface between the of freely propagating electromagnetic emissions result- 
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ing from transmission of digital information are subject be learned by practice of the invention. The objects and 
to conformance with federal and international stan- advantages of the invention may be realized and ob- 
dards, for example the standards established by the tained by means of the instrumentalities and combina- 
Federal Communications Commission. Therefore, such tions particularly pointed out in the appended claims, 
standards can impose limits the data rate. 5 To achieve the objects and in accordance with the 

One solution known in the art for reducing emissions purpose of the invention, as embodied and broadly 
associated with high frequency spectral content is the described herein, the present invention is directed to a 
use of an encoding scheme such as the above-noted line driver circuit for providing a balanced three-level 
modified duobinary encoding, which has the effect of line driving signal in a system for driving a transmission 
reducing the high frequency spectral content of the 10 medium through a drive transformer, the three-level 
transmitted signal. However, the emission-reducing signal consisting of a positive differential, a baseline and 
effects of such an encoding scheme, which requires a negative differential signal level The drive trans- 
driving a two-conductor cable with a multi-level signal, former has a primary winding and a secondary winding, 
will be significantly impaired if the line driver apparatus the primary winding having first and second terminals 
cannot drive the cable in a tightly controlled balanced 15 for coupling the line driver to the circuit, and the sec- 
fashion, ondary winding for coupling to a pair of conductors in 

Another solution known in the art for reducing emis- the transmission medium. The line driver circuit is re- 
sions associated with high frequency spectral content is sponsive to an externally generated drive control signal 
the use of shielded cable. However, disadvantageous^, that determines a required level of the three-level sig- 
such cable is more expensive than unshielded cable and 20 nal. The line driver circuit comprises a DC supply volt- 
not as readily available as an installed base media to be age source, a reference voltage bus, a first electrical 
exploited. load coupled between the voltage source and the refer- 

A further solution known in the art for avoiding the ence voltage bus, and a second electrical load coupled 
problem of emissions associated with high data trans- between the supply voltage source and the reference 
mission rates is the optical encoding of the signals and 25 voltage bus, the first and second loads being equal in 
transmission of the optically encoded signals over opti- magnitude. The line driver circuit also comprises first 
cal fiber cable. To this end, ANSI standard X3T.9 was current source means, coupled between the first load 
developed to standardize parameters of such digital and the reference voltage bus and responsive to the 
transmission over optical fiber media and defines the drive control signal, for conducting a first current mag- 
fiber data delivery interface (FDDI). The specific char- 30 nitude, a second current magnitude or no current, and 
acteristics of the FDDI are known to those skilled in the second current source means, coupled between the 
art and are not described herein. However, it is noted second load and the reference voltage bus and respon- 
that the FDDI dictates a particular encoding scheme sive to the drive control signal, for conducting the first 
for data transmission to minimize baseline wander and a current magnitude, the second current magnitude or no 
data rate of 125 Mbit/seconds for an NRZI (non-return- 35 current. The circuit further includes a first output termi- 
to-zero-in verted) coded signal. nal, between the second load and the second current 

One disadvantage of optical encoding is the signifi- source means, for coupling to the first terminal of the 
cant expense associated with apparatus required to transformer primary winding, and a second output ter- 
translate into optical form the binary data in electrical minal, between the first load and the first current source 
form on each of a plurality of different data channels, 40 means, for coupling to the second terminal of the trans- 
SUMMARY OF THE INVENTION former primary winding. In the line driver circuit, the 

first and second current source means are responsive to 

The present invention has been made in view of the the drive control signal such that the first current 
above circumstances and has as an object to provide a source means conducts no current and the second cur- 
balanced line driver apparatus for driving a two-con- 45 rent source means conducts the second current magni- 
ductor cable at a high data rate. tude when the negative differential signal level of the 

It is another object of the present invention to pro- three-level signal is required. The first and second cur- 
vide balanced line driver apparatus for driving a two- rent source means are also responsive to the drive con- 
conductor cable with a multi-level encoded signal at a trol signal such that the first current source means con- 
high data rate. 50 ducts the second current magnitude and the second 

It is a further object of the present invention to pro- current source means conducts no current when the 
vide balanced line driver apparatus for driving a two- positive differential signal level of the three-level signal 
conductor cable with minimum common mode noise is required. The first and second current source means 
and return loss. are further responsive to the drive control signal such 

It is an additional object of the present invention to 55 that each of the first and second current source means 
provide balanced line driver apparatus for driving a conducts the first current magnitude when the baseline 
two-conductor cable that is not subject to the above level of the three-level signal is required, 
described problems and disadvantages resulting from Further in accordance with the present invention 
the use of voltage source driver circuits. there is provided a method for providing a balanced 

It is yet another object of the present invention to 60 three-level line driving signal from a line driver circuit 
provide a data transmission system including balanced for driving a transmission medium, the three-level sig- 
line driver apparatus for driving a two-conductor cable nal consisting of a positive differential, a baseline and a 
with a signal encoded in accordance with FDDI crite- negative differential signal level. The line driver circuit 
ria, while also meeting electromagnetic emission stan- drives the transmission medium through a drive trans- 
dards. 65 former having a primary winding and a secondary 

Additional objects and advantages of the invention winding, the primary winding having first and second 
will be set forth in part in the description which follows terminals for coupling to the line driver circuit, the 
and in part will be obvious from the description, or may secondary winding for coupling to a pair of conductors 
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in the transmission medium. The line driver circuit tiplexer 106 provides a 62.5 Mbit/sec serial binary data 

includes a DC voltage source, a reference voltage bus, signal NRZI-A on output 108 and a 62.5 Mbit/sec serial 

a first electrical load coupled between the voltage binary data signal NRZI-B on output 110. Demulti- 

source and the reference voltage bus, and a second plexer 106 further generates two 62.5 MHz clock sig- 

electrical load coupled between the voltage source and 5 nals CLK-A and CLK-B, on outputs 112 and 114, that 

the reference voltage bus, the first and second loads are respectively associated with signals NRZI-A and 

being equal in magnitude. The line driver circuit also NRZI-B, In the illustrated embodiment, clock signal 

includes a first current source between the first load and CLK-A is synchronized with signal NRZI-A such that 

the reference voltage bus, and a second current source each rising and falling edge of the data signal occurs at 

between the second load and the reference voltage bus. 10 a falling edge of signal CLK-A. Clock signal CLK-B 

The method comprises the steps of conducting a first has the same synchronism with signal NRZI-B. 

current magnitude through each of the first and second Demultiplexer 106 is provided in system 100 in order 

current sources when the baseline level of the three- to reduce xhc data rate to correspondingly reduce the 

level signal is required, conducting no current through ^ f reque ncy spectral content of the data being trans- 

the first current source and conducting a second current 15 Such ^ frequency spectral content is 

magnitude throughthe second current source when the performed ^ order to re duce the emissions resulting 

negative differential signal level of the three-level signal from ^a^^ of the ^ signal . ^ construction 

I! FT ' c f nductm 8 the second current magrn- of demultiplexer s for dividing date streams and provid- 

tude through the first current source and conducing no • clock si ^ synchronized t0 th e data stX e3ms is 

current toough the second current source when the 20 wdJ ^ md 100 can be success- 

^^^"^^^^^^"^ fully constructed and operated with conventionally 

^ * constructed demultiplexers. It is preferred herein, how- 

BRIEF DESCRIPTION OF THE DRAWINGS ever, that demultiplexer 106 be constructed to maintain 

The accompanying drawings, which are incorpo- 25 \ volta S c } ™? s f ^ NRZI-A and NRZI-B 

rated in and constitute a part of this specification ill» witlunasignal level range that is compatible with ECL 

trate embodiments of the invention and, together with { ° &c ' J 1 " 5 cables remaining elements of system 100 to 

the description, serve to explain the objects, advantages, be pr ^?* y lo & c *™»*y> •» 

and principles of the invention. In the drawings. m ° r * f* 11 * desenbed below. 

FIG. 1 is a transmission media driving system con- 30 *iH r / fernn S t0 s y stem *°° fficludcs 

structed in accordance with an embodiment of the in- "Sf^ (MDB) encoder circuits 120 and 

vention- 122 thal m substantially identical to each other. MDB 

FIG. 2 illustrates an encoder circuit included in the encoder 120 is connected to receive signals NRZI-A 

system illustrated in FIG. 1; ^ CLK-A and is constructed to generate four MDB 

FIGS. 3A-3J are timing diagrams illustrating signals 35 drive contro1 Al, A2, A3 and A4. Similarly, 

generated during the operation of the system illustrated MDB encoder 122 is connected to receive signals 

in FIG. 1* NRZI-B and CLK-B and is constructed to generate 

FIGS. 4A and 4B respectively illustrate a line driver four MDB drive *S*^ S B1 > B2 > B3 Si- 
circuit and a supply power filter circuit included in the System 100 further mcludes line driver circuits 130 
system illustrated in FIG. 1; 40 m & 132 wnicn are respectively connected to receive the 

FIG. 5 illustrates another filter circuit included in the drive control signals generated by MDB encoders 120 

system illustrated" in FIG. 1; and * 22 - Lme driver circuit 130 is constructed to gener- 

FIGS. 6A-6D are simplified diagrams of the line ate ^ driving .signals in response to the drive control 

driver circuit illustrated in FIG. 4A for explaining the signals A1-A4, for driving an associated two-conductor 

operation of the line driver circuit. 45 transmission line 134 with a modified duobinary signal 

corresponding to signal NRZI-A. Thus, MDB encoder 

DETAILED DESCRIPTION OF THE 120 is constructed to generate drive control signals 

PREFERRED EMBODIMENTS A1-A4 adapted to control line driver circuit 130 to 

Referring now to the drawings, FIG. 1 illustrates a appropriately drive transmission line 134. 

transmission media driving system 100 constructed in 50 Similarly, line driver circuit 132 is constructed to 

accordance with an embodiment of the invention, Sys- generate line driving signals in response to drive control 

tem 100 is constructed to receive an NRZI encoded signals B1-B4, for driving an associated two-conductor 

serial binary data signal having a high data rate, e.g., transmission line 136 with a modified duobinary signal 

125 Mbit/sec, and an associated clock signal CLK hav- corresponding to signal NRZI-B. Thus, MDB encoder 

ing a frequency corresponding to the data rate, e.g., 125 55 122 is constructed to generate drive control signals 

MHz, and to transmit the received data on separate B1-B4 adapted to control line driver circuit 132 to 

conductor pairs in one or more transmission lines or appropriately drive transmission line 136. 

cables. In the illustrated embodiment, the NRZI data The use of modified duobinary encoding of the data 

signal is characterized as being FDDI encoded and signals is used herein in order to drive each transmission 

having a signal level that it is compatible with emitter- 60 line with signals having no DC content, so that the 

coupled-logic (ECL) circuitry. above noted problem of baseline drift is avoided. Fur- 

TTie NRZI and CLK signals are respectively re- ther, as described above, the use of modified duobinary 

ceived on inputs 102 and 104 of a demultiplexer 106 encoding reduces the high frequency content of the 

which divides the NRZI signal into two serial data transmitted signal to correspondingly reduce electro- 
signals by alternately providing multiple bit segments of 65 magnetic emissions from transmission lines 134 and 136. 

the NRZI signal on its outputs 108 and 110. In the illus- Constructions of an MDB encoder and a line driver in 

trated embodiment, such multiple bit segments can accordance with an embodiment of the invention are 

range in size from four to seven bits. As a result, demul- described below. 
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Still referring to FIG. 1, system 100 also includes low gate 212 having first and second inputs respectively 
pass filters 140 and 142 respectively coupled to filter the connected to receive the inverted output of XOR gate 
line driving signals generated by line driver circuits 130 200 and the noninverted output of XOR gate 206. 
and 132 to control the bandwidth of the frequency Two-level drive control signals Al and A2 are re- 
spectrum of the transmitted signals. 5 spectively provided on the noninverted and inverted 

System 100 additionally includes a line driver trans- outputs of OR gate 210 and are illustrated in FIGS. 3F 
former 150 having a primary winding 152 connected to and 3G. Two-level drive control signals A3 and A4 are 
filter 140 and a secondary winding 154 connected to respectively provided on the noninverted and inverted 
transmission line 134. Similarly, system 100 includes a outputs of OR gate 212 and are illustrated in FIGS. 3H 
line driver transformer 156 having a primary winding 10 and 31, 

158 connected to filter 142 and a secondary winding 160 In accordance with a preferred construction, encoder 
connected to transmission line 136. In the illustrated 120 illustrated in FIG. 2 is constructed using ECL cir- 
embodiment, each of transformers 150 and 156 has a 1:1 cuitry. As a result and in accordance with a known 
turns ratio. However, other turns ratios are possible to practice in the art, it is necessary to connect line termi- 
affbrd design flexibility in matching the driver output 15 nating resistors to the output terminals of the logic 
impedance to the line. devices constructed with ECL circuitry. As shown in 

FIG. 2 illustrates a preferred construction of MDB FIG. 2, the line terminating resistors are provided as a 
encoder 120. As previously noted, MDB encoders 120 plurality of resistors "R" each connected between a 
and 122 are constructed substantially identically. Gen- device output tenninal and a reference voltage bus 
erally, the modified duobinary encoding of data signals 20 represented by the symbol "V". In the illustrated em- 
is known in the art and is described in, for example, U.S. bodiment, the reference voltage bus is at ground poten- 
Pat. No. 3,993,953, issued Nov. 23, 1976. However, tia]t F or example and without limitation, encoder 120 
while encoders 120 and 122 each generally perform can be constructed using the commercially available 
such encoding, they are particularly constructed to circuit components listed in Table 1: 
generate the above-noted drive control signals, which 25 

are used to control the line driver circuits to generate a TABLE 1 

multi-level modified duobinary signal. Referring to 
FIG. 2, MDB encoder 120 receives data signal NRZI-A 
on a first input of an exclusive-OR (XOR) gate 200. The 
noninverted output of XOR gate 200 is connected to a 30 
data input D of a flip-flop circuit 202. The clock input of 
flip-flop circuit 202 is connected to receive the clock 
signal CLK-A so that the signal provided on data out- For encoder 120 constructed using the components 
put Q of flip-flop circuit 202 is delayed by one symbol listed in Table 1, signals NRZI-A and CLK-A have 
interval of clock signal CLK-A relative to the signal on 35 signal levels preferably maintained in the raised ECL 
the noninverted output of XOR gate 200. As defined logic range, e.g., having signal levels of approximately 
herein, each rising edge of the clock signal demarks the 3.2 volts and 4.2 volts respectively corresponding to 0 
beginning of a data symbol interval. and 1 logic levels. 

FIGS. 3A-3I are timing diagrams illustrating signals FIG. 3 J illustrates the three-level modified duobinary 
received and generated by MDB encoder 120. In gen- 40 signal Vmdb with which line driver circuit 130 drives 
eral, the signals illustrated in FIGS. 3A-3I are based on transmission line 134 in accordance with drive control 
the assumption that prior to time to, no signals were signals A1-A4, as more fully described below. As seen 
applied to circuit 120. FIGS. 3A and 3B respectively . in FIG. 3J, the signal Vmdb consists of a positive differ- 
illustrate clock signal CLK-A and data signal NRZI-A entiaJ signal level V + , a baseline signal level Vjand a 
received by encoder 120. The signal provided on the 45 negative differential signal level V— It is noted that the 
noninverted output of XOR gate 200 is labelled "PN" in high levels of signal A2 and the low levels of signal A3 
FIG. 2 and is illustrated in FIG. 3C. The signal pro- respectively correspond to the occurrences of the posi- 
vided on data output Q of the flip-flop circuit 202 is tive and negative signal levels of signal Vmdb- Also, 
labelled "Qi*' in FIG. 2 and is illustrated in FIG. 3D. when signals A2 and A3 are respectively at low and 

In reference again to FIG. 2, the data input D of a 50 high levels, signal Vmdb is at its baseline level. In this 
second flip-flop circuit 204 is connected to the data manner, signal Vmdb is represented by the drive control 
output Q of flip-flop circuit 202. The clock input of signals. Signals Al and A4 are respectively provided as 
flip-flop circuit 204 is connected to receive clock signal complements to signals A2 and A3 to form the drive 
CLK-A. As a result, flip-flop circuit 204 provides on its control signal pairs Al, A2 and A3 ,A4 for controlling 
data output Q a signal labelled "Q2" in FIG. 2 and 55 line driver circuit 130, as described next, 
illustrated in FIG. 3E, which is identical to signal "Qj" FIG. 4A illustrates a preferred construction of line 
but is delayed by one symbol interval with respect driver circuit 150. Circuit 130 includes a +5 volt DC 
thereto. bus 400 and a pair of substantially identical resistors 402 

The signal on the data output of flip-flop circuit 204 and 404 connected to source 400. Each resistor 402 and 
is applied to a second input of XOR gate 200 to thereby 60 404 preferably has a resistance value that is one-half the 
provide the precoding function required for modified resistive component of the impedance of line 134 as 
duobinary encoding. The data output of flip-flop circuit viewed through the primary winding of transformer 
204 is also applied to a first input of an XOR gate 206, 150. Each resistor 402 and 404 is further preferably 
a second input of which is unconnected. Encoder 120 provided such that its resistance value has a tolerance of 
also includes an OR gate 210 having first and second 65 no more than 1%. Since the resistive component typi- 
inputs respectively connected to receive the nonin- cally dominates the impedance of a two-conductor 
verted output of OR gate 200 and the inverted output of transmission cable, the selection of the resistances of 
XOR gate 206. Encoder 120 further includes an OR resistors 402 and 404 to match the resistive component 
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of the impedance of line 134 is effective to minimize the connection, through filter 140, to a first terminal 462 of 
above-described adverse effects of return loss. primary winding 152 of transformer 150. A tap point 

Voltage bus 400 is preferably provided as a filtered 464 is provided between resistor 402 and the collector 
voltage source to assure a substantially constant +5 of transistor 430 for connection, through filter 140, to a 
volt value that is substantially free of noise throughout 5 second terminal 466 of primary winding 152. 
operation. Thus, filter 410 effectively serves as a low Line driver circuit 130 additionally includes substan- 
pass filter that prevents the entry of common mode tially identical NPN transistors 470 and 472 having 
noise into line driver circuit 130. FIG. 4B illustrates an collector terminals respectively connected to tap points 
exemplary filter 410 for providing the voltage of volt- 460 and 464. Transistors 470 and 472 are substantially 
age bus 400. As seen in FIG. 4B, filter 410 has an input 10 identical to transistors 430 and 432. The emitter termi- 
terminal 412 connected to receive a locally available nals of transistors 470 and 472 are connected in common 
+5 volt supply and an output terminal 414 which is and to the collector terminal of an NPN transistor 474. 
connected to voltage bus 400. Thus, filter 410 includes Transistor 474 is substantially identical to transistor 440. 
an inductor 416 in series between terminals 412 and 414 The emitter terminal of transistor 474 is connected to 
and shunt connected capacitors 418, 420 and 422 pro- 15 the reference voltage bus through a resistor 476. Resis- 
vided on opposite sides of inductor 416 as shown in tor 476 is substantially identical to resistor 442. Since 
FIG. 4B. Capacitors 418, 420 and 422 are each con- resistor 476, in conjunction with the voltage applied to 
nected to the reference voltage bus for line driver cir- the base of transistor 474, determines the magnitude of 
cuit 120 which is represented as the open triangle "V" current that flows through each of transistors 470 and 
and maintained at ground potential in accordance with 20 472, and since it is preferred herein to closely regulate 
the preferred construction of circuits 130 and 410. Filter the current flowing through each of transistors 470 and 
circuit 410 constructed with circuit elements having 472, resistor 476 is preferably provided with a resistance 
exemplary values listed below in Table 2 operates as a having a tolerance of no more than 1%. 
low pass filter having a frequency cutoff in the kilohertz The base terminal of transistor 474 is connected to tap 
range. 25 point 450 so that the conductivity of transistor 474 is 

In reference again to FIG. 4A, line driver circuit 130 controlled by the voltage at tap point 450 and is there- 
also includes substantially identical NPN transistors 430 fore substantially identical to that of transistor of 440. 
and 432 having emitter terminals connected together Temperature compensation of circuit 130 is achieved by 
and collector terminals respectively connected to resis- controlling the conductivities of both transistors 440 
tors 402 and 404. Circuit 130 also includes a differential 30 and 474 with the voltage at tap point 450. Thus, as the 
amplifier 434 including nonin verting and inverting in- temperature of circuit 130 varies, the voltages at refer- 
puts for respectively receiving drive control signals AI ence output 444 and tap point 450 vary complements- 
and A2. Differential amplifier 434 includes noninvcrted rily with respect to the conductivities of transistors 440 
and inverted outputs respectively connected to the base and 474 in order to regulate the currents flowing 
terminals of transistors 430 and 432. Differential ampli- 35 through transistors 430, 432, 470 and 472 to be essen- 
fier 434 is preferably constructed with ECL logic com- tially constant. That is, since the voltage at reference 
ponents. Therefore, line terminating resistors 436 and output 444 decreases with temperature, it compensates 
438 are respectively provided between the noninverted for the effect of temperature on the base-to-emitter 
and inverted outputs of differential amplifier 434 and voltage drop of each of transistors 440 and 474. 
the reference voltage bus. 40 Line driver circuit 130 also includes differential am- 

The common connection of the emitters of transistors plifier 480 which is substantially identical to differential 
430 and 432 is connected to the collector terminal of an amplifier 434 and which is therefore preferably con- 
NPN transistor 440. The emitter of transistor 440 is structed of ECL logic circuitry. Differential amplifier 
connected to the reference voltage bus through a resis- 480 has noninverting and inverting inputs for receiving 
tor 442. Since resistor 442 determines, in part, the mag- 45 drive control signals A3 and A4 and has noninverted 
nitude of current that flows through each of transistors and inverted outputs connected to the base terminals of 
430 and 432 and since it is preferred herein to closely transistors 470 and 472, respectively. Resistors 482 and 
regulate the current flowing through each of transistors 484 are respectively connected between the nonin- 
430 and 432, resistor 442 is preferably provided with a verted and inverted outputs of differential amplifier 480 
resistance having a tolerance of no more than 1%. 50 and the reference voltage bus to serve as line terminat- 

An ECL logic zero reference output 444 of differen- ing resistors, 
tial amplifier 434 is connected to the reference voltage Filter 140 is preferably provided as a Butterworth 
bus through an adjustable resistor 446 and a resistor 448. type filter, known in the art, and is configured to have 
Output 444 provides substantially constant voltage for a five poles. FIG. 5 illustrates a preferred construction of 
wide operating temperature range of line driver circuit 55 filter 140. Referring to FIG. 5, filter 140 includes input 
130. Resistors 446 and 448 form a voltage divider circuit terminals 500 and 502 and output terminals 504 and 506. 
having an output voltage tap point 450. A capacitor 452 Inductors 508, 510 and 512 are connected in series be- 
is connected between tap point 450 and the reference tween input terminal 500 and output terminal 504. In- 
voltage bus to filter any noise that may be present on ductors 514, 516 and 518 are connected in series be- 
output 444. Jap point 450 is also connected to the base 60 tween input terminal 502 and output terminal 506. A 
terminal of transistor 440, so that the voltage at tap capacitor 520 is connected in series with a resistor 522 
point 450 controls the conductivity of transistor 440. and the series combination of capacitor 520 and resistor 
Further, since the voltage at tap point 450 is a function 522 is connected at one end between inductor 508 and 
of the resistance of resistor 446, the magnitude of cur- 510, and at the other end between inductors 514 and 
rent flowing through transistor 440 can be finely ad- 65 516. Capacitors 524 and 526 are connected in series with 
justed by adjusting resistor 446. a point there between connected to the reference volt- 

As seen in FIG. 4A, a tap point 460 is provided be- age bus, which is at ground potential in the preferred 
tween resistor 404 and the collector of transistor 432 for embodiment The series combination of capacitors 524 
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and 526 is connected at one end between inductors 510 
and 512, and at the other end between inductors 516 and 
518. 

For example and without limitation, line driver cir- 
cuit 130 and filters 140 and 410 can be constructed using 5 
the commercially available circuit components listed in 
Table 2: 



TABLE 2 



Circuit Component. 


Description 


Differentia] Amplifiers 434 and 480 


10H116 


Transistors 430 and 432 


CA3146 


Transistors 470 and 472 


CA3146 


Transistors 440 and 476 


2N2222 


Resistors 402 and 404 


50n (\% tolerance) 


Resistors 442 and 476 


82.5H {Wo tolerance) 


Resistor 446 


5KH (adjustable) 


Resistor 44S 


l.SKfl (5% tolerance) 


Resistors 436, 438, 482 and 484 


470a 


Resistor 522 


15a (1% tolerance) 


Capacitors 428, 420 and 452 


0.1 piF 


Capacitor 422 


10 jiF 


Capacitor 520 


68 pF 


Capacitors 524 and 526 


B2 pF 


Inductor 416 


0.22 fiH 


Inductors 508 and 514 


0.307 


Inductors 510 and 516 


0.314 u-H 


Inductors 512 and 518 


0,06 fiH 


Transformer 150 


1:1 ratio 



10 



15 



20 



25 



The operation of driving system 100 is described 
next. The NRZI signal received by driving system 100 
on input 102 of multiplexer 106 is divided by the multi- 
plexer into serial data signals NRZI-A and NRZI-B and 30 
respectively accompanying clock signals CLK-A and 
CLK-B, signals NRZI-A and CLK-A respectively 
being illustrated in FIGS. 3B and 3A. MDB encoder 
120 encodes the received NRZI-A signal in accordance 
with the requirements of modified duobinary encoding. 35 
As a result, MDB encoder 120 provides drive control 
signals A1-A4 (FIGS. 3F-3I) for controlling the opera- 
tion of line driver circuit 130. 

MDB encoder 122 operates in a manner substantially 
identically to that described above for MDB encoder 40 
120, and encodes the received NRZf-B signal in accor- 
dance with modified duobinary encoding requirements 
to provide drive control signals B1-B4. 

The operation of line driver circuit 130 is described 
next with reference to FIGS. 3F-3J, 6A, 6B and 6C. 45 
Since driver circuits 130 and 132 are substantially iden- 
tical, it is understood that the operating description for 
circuit 130 also applies to circuit 132. FIG. 3 J illustrates 
the waveform of signal Vmdb with which transmission 
line 134 is driven, having any one of the positive differ- 50 
ential signal voltage level V+, the baseline signal volt- 
age level Vfi and the negative differential signal voltage 
level V_. The voltage levels V4 and V_ are respec- 
tively greater and less than the voltage level V^by the 
same fixed predetermined voltage difference AV. In the 55 
preferred embodiment, with the voltage at bus 400 se- 
lected to be + 5 volts, voltage level Ye is approximately 
2.5 volts and AV is no greater than 1.25 volts. 

FIG. 6A illustrates a simplified diagram of the con- 
struction of line driver circuit 130 that is used below in 60 
connection with explaining the operation of circuit 130 
for generating signal Vmdb to drive transmission line 
134 with the MDB signal levels Vj, V+ and V_. 

In FIG. 6A, line driver circuit 130 is illustrated as 
including four current sources 600, 602, 604 and 606 65 
that respectively correspond to conductive paths 
through transistors 430, 472, 432 and 470 in FIG. 4A. As 
also diagrammatically represented in FIG. 6A, the four 



current sources are responsive to drive control signals 
A1-A4 which determine their conductive states. In 
FIG. 4A, line driver circuit 130 has been constructed so 
that when each transistor 430, 432, 470 and 472 is 
switched to the conductive state, it conducts the same 
magnitude of current which, for the purpose of explana- 
tion, is referred to herein as "I". This result is achieved 
by selecting certain components of driver circuit 130 to 
be identical so that the same type components deter- 
mine the magnitude of current flowing through any one 
of transistors 430, 432, 470 and 472. Also, the respective 
bases of transistors 440 and 474 are connected to the 
same node point 450 so that variations in operating 
temperature that cause the voltages at reference output 
444 and node point 450 to vary cause the same change 
in the operating characteristic of each of transistors 440 
and 474. Also, any adjustment of resistor 446 is mani- 
fested at node point 450 and therefore has the same 
effect on the operating characteristics of both transis- 
tors 440 and 474. 

As a result of the connection of the complementary 
outputs of differential amplifiers 434 and the comple- 
mentary outputs of differential amplifier 480, only one 
of transistors 430 and 432 is conductive at any one time, 
and only one of transistors 470 and 472 is conductive at 
any one time. Therefore, referring to FIG. 6A, only one 
of current sources 600 or 604 is conductive at any one 
time, and only one of current sources 602 or 606 is 
conductive at any one time. For example, if signals Al 
and A2 have respectively high and low logic levels, the 
noninverted and inverted outputs of differential ampli- 
fier 434 are respectively at relative high and low logic 
potential levels. As a result, transistor 430 is rendered 
conducting and transistor 432 is rendered nonconduct- 
ing. The respective conductive states of current sources 
600-606 as a function of the drive control signal logic 
levels and corresponding signal voltage level of the 
modified duobinary signal are summarized below in 
Table 3. In Table 3, the logic levels of drive control 
signals A1-A4 are characterized as a 0 or 1 logic level 
respectively corresponding to a relative low or high 
signal potential. 

TABLE 3 



State 










Current Source ON/OFF 


MDB 


Al 


A2 


A3 


A4 


600 


602 


604 606 


V_ 


1 


0 


0 


1 


OFF 


OFF 


ON ON 




1 


0 


1 


0 


ON 


OFF 


ON OFF 


v + 


0 


1 


1 


0 


ON 


ON 


OFF OFF 



FIG. 6B diagrammatically illustrates the currents 
flowing in line driver circuit 130 and through trans- 
former primary winding 152 during the condition when 
drive control signals A1-A4 correspond to the modified 
duobinary signal level V„. As seen in FIG. 6B for this 
state of signals A1-A4, current sources 600 and 602, 
respectively corresponding to transistors 430 and 472, 
are nonconducting, while current sources 604 and 606, 
respectively corresponding to transistors 432 and 470, 
each conduct current I. Because of the different cur- 
rents flowing through resistors 402 and 404 and because 
of the conductive path through primary winding 152 of 
transformer 150, a current l x flows through resistor 402 
and primary winding 152 in a direction that induces a 
negative polarity voltage in secondary winding 154 
corresponding to signal voltage V_. This result is based 
on the transformer winding polarities indicated by the 
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dot markings in FIG. 1. The magnitude of current l x is is an odd integer, one of the signal levels is a baseline 

determined by the rules of current division as shown in level, and the remaining signal levels are uniformly 

equation (1): distributed above and below the baseline level. In such 

a case, each line driver circuit of the line driver system 

^404 (l) 5 would include two resistors corresponding to resistors 

7 * - 2/ x *402 K404 + Rboad 402 and 404, with m/2 substantially identical current 

sources coupled between each of the two resistors and 

where R402 and R404 are the respective resistances of the reference voltage bus, where m=n+l and a current 

resistors 402 and 404, and R/wis the resistive portion source is defined as set forth above, 

of the line impedance of line 134 as viewed through 10 For example, in the case of n=5 for which three 

transformer 150. Since as described above, both R402 current sources are coupled between each resistor and 

and R404 are one-half Rload> the magnitude of l x is the reference voltage bus, the transmission line is driven 

approximately 1/2. with the baseline level of the multi-level signal by ren- 

FIG. 6C diagrammatically illustrates the currents dering conductive one current source in series with 

flowing in the driver circuit 130 during the condition 15 0 f the two resistors. First and second successively 

when drive control signals A1-A4 correspond to the more positive (or negative) differential signal levels 

modified duobinary signal level Vj. As seen in FIG. 6C, would be achieved respectively by rendering conduc- 

for this state of signals A1-A4, current sources 602 and t j ve two and three current sources in series with one 

606 are nonconducting, and current sources 600 and 604 res istor while the current sources in series with the 

each conduct current I. Since the currents flowing 20 other resistor m rendered nonconductive. 

through resistors 402 and 404 are equal, there is no net prcscnt mventor notes th at for n>7> it is pre . 

current tawing through primary i winding 152. ferred t0 rcnder conductive ^0 

sources in 

FIG, 6D diagranimatically illustrates the currents ^ ^ ^ resi$tor tQ achifive ^ basdine si ^ 

flowing in line driver circuit ^during the condition M MsQ for ? tQ flchieve fl f 

W ^ n r d ?? C K° n 1 Sfgn t. 7t "jnespond to the 25 successive i v more positive (negative) signal levels, two, 

modified duobinary signal level I V + . As seen m ^ current Purees would be rendered conduc 

Uveinseri^witho^res^ 

and 606 are nonconductive. Because of the different m s ' nes Wltb * e othcr resistor arc rendercd noncon - 
currents flowing through resistors 402 and 404 and 30 „„ v .f* , , . - . , 
because of the conductive path through primary wind- ™* " '^bodmient of the invention _ has been illus- 
ing 152, the current I, flows through resistor 404 and "J* to«*ed for practice using raised ECL logic 
primary winding 152 in a direction that induces a posi- ^d«- the mention can be constructed and success- 
live polarity voltage in secondary winding 154 corre- ^ practiced using normal ECL logic levels, e.g 
spending to signal level V+. The magnitude of current 35 havm S *9»* leve } s ° f approximately -0.8 volts and 
h is as noted above in* equation (1), since resistors 402 - h2 volts respectively corresponding to 1 and 0 logic 
and 404 are the same. levels - 

Since line driver circuit 130 causes the current I, to Als0 » wmle 6X1 embodiment of the invention has been 
flow in one or the other direction through primary illustrated and described as constructed with ECL logic 
winding 152 to drive signals V+ or V_ on transmission 40 circuitry, the invention can be successfully constructed 
line 134, those voltage values are assured to differ from ««* practiced using other types of circuitry such as 
voltage V fl by the same voltage difference AV (FIG. 3J) constructed with discrete devices or fully integrated 
which is set. by the magnitude of current I*. This circuitry. Further, while modified duobinary encoding 
achieves balanced driving of line 134 without genera- is used m the illustrated embodiment, the invention can 
tion of common mode noise or baseline wander. 45 be successfully practiced with other balanced encoding 
Also in accordance with the operation of line driver schemes known in the art for niinimizing baseline wan- 
circuit 130, since the flow of current I* through primary der Md possibly reducing the high frequency portion of 
winding 152 determines the signal voltage level V + or the spectral content of the transmitted signal. 
V- and the terminals of primary winding 152 are not While a transmission media driving system has been 
separately driven, such as with a pair of voltage source 50 illustrated and described as including circuitry for mod- 
drivers, the driving of transmission line 134 by line ified duobinary encoding of a data signal for transmis- 
driver circuit 130 is balanced and there is no difference & on > the invention is not so limited. The invention can 
in signal edge rates. Further, for each configuration of be successfully practiced with other encoding methods 
current sources 600-606, the impedance of line driver known in the art, such as Manchester encoding and 
circuit 130 is primarily determined by resistors 402 and 55 bipolar encoding, which provide a balanced signal hav- 
404, so that by properly selecting these resistors as a ing a substantially zero DC content, 
function of the transmission line resistance, as described The foregoing description of the preferred embodi- 
above, the resistance of line driver circuit 130 matches ments and examples of the invention have been pres- 
the resistive portion of the characteristic impedance of cnted for purposes of illustration and description. It is 
transmission line 134 and the adverse effects of return 60 not intended to be exhaustive or to limit the invention to 
loss are minimized. the precise form disclosed, and modifications and v aria- 
While a driving system 100 has been illustrated and tions are possible in light of the above teachings or may 
described herein for driving two-conductor transmis- be acquired from practice of the invention. The embodi- 
sion lines with a multi-level encoded signal having three ments were chosen and described in order to explain the 
signal levels, the invention is not so limited. The line 65 principles of the invention and its practical application 
driver circuit of the invention can readily be adapted to to enable one skilled in the are to utilize the invention in 
drive two-conductor transmission lines with balanced various embodiments and with various modifications as 
multi-level signals consisting of n signal levels, where n are suited to the particular use contemplated. It is in- 
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tended that the scope of the invention be defined by the 
claims appended hereto, and their equivalents. 
What is claimed is: 

1. A line driver circuit for providing a balanced three* 
level line driving signal in a system for driving a trans- S 
mission medium through a drive transformer, the three- 
level signal consisting of a positive, a baseline and a 
negative differentia] signal level, the drive transformer 
having a primary winding and a secondary winding, the 
primary winding having first and second terminals for 10 
coupling to said line driver circuit, the secondary wind- 
ing for coupling to a pair of conductors in the transmis- 
sion medium, said line driver circuit responsive to an 
externally generated drive control signal that deter- 
mines a required level of the three-level signal, said line 15 
driver circuit comprising: 

a DC voltage source; 
a reference voltage bus; 

a first electrical load coupled between said voltage 
source and said reference voltage bus; 20 

a second electrical load coupled between said voltage 
source and said reference voltage bus, said first and 
second loads being equal in magnitude; 

first current source means, coupled between said first 
load and the reference voltage bus and responsive 25 
to the drive control signal, for conducting a first 
current magnitude, a second current magnitude or 
no current; 

second current source means, coupled between said 
second load and the reference voltage bus and 30 
responsive to the drive control signal, for conduct- 
ing the first current magnitude, the second current 
magnitude or no current; 

a first output terminal, between said second load and 
said second current source means, for coupling to 35 
the first terminal of the transformer primary wind- 
ing; 

a second output terminal, between said first load and 
said first current source means, for coupling to the 
second terminal of the transformer primary wind- 40 
ing; 

said first and second current source means responsive 
. to the drive control signal such that said first cur- 
rent source means conducts no current and said 
second current source means conducts the second 45 
current magnitude when the negative differential 
signal level of the three-level signal is required; 

said first and second current source means responsive 
to the drive control signal such that said first cur- 
rent source means conducts the second current 50 
magnitude and said second current source means 
conducts no current when the positive differential 
signal level of the three-level signal is required; and 

said first and second current source means responsive 
to the drive control signal such that each of said 55 
first and second current source means conducts the 
first current magnitude when the baseline level of 
the three-level signal is required. 

2. The line driver circuit of claim 1 wherein 

each of said first and second loads is a resistance; and 60 
the sum of the resistances of said first and second 
loads is substantially equal to a resistive portion of 
the characteristic impedance of the conductor pair. 

3. The line driver circuit of claim 2 wherein the resis- 
tance of each of said first and second loads has a toler- 65 
ance of no more than 1%. 

4. The line driver circuit of claim 1 further including 
control means, coupled to receive said drive control 



signal, for providing switching control signals to said 
first and second current source means to control the 
conducting state of each of said first and second current 
source means. 

5. The line driver circuit of claim 4 wherein 

the second current magnitude is twice the first cur- 
rent magnitude; 

said first current source means includes first and sec- 
ond bipolar transistors (BPT) each having a collec- 
tor terminal coupled to said first output terminal, 
and 

said second current source means includes third and 
fourth BPTs each having a collector terminal cou- 
pled to said second output terminal; 

said line driver circuit further including: 

a fifth BPT having a collector terminal connected in 
common with emitter terminals of said first and 
third BPTs, an emitter terminal of said fifth BPT 
being coupled to the reference voltage bus; 

a sixth BPT having a collector terminal connected in 
common with emitter terminals of said second and 
fourth BPTs, an emitter terminal of said sixth BPT 
being coupled to the reference voltage bus; 

base terminals of said fifth and sixth BPTs being cou- 
pled in common to receive a predetermined volt- 
age; and 

base terminals of said first, second, third and fourth 
BPTs being coupled to receive said switching sig- 
nals. 

6. The line driver of claim 5 further including: 

a first resistor coupled between the emitter terminal 
of said fifth BPT and the reference voltage bus; 

a second resistor coupled between the emitter termi- 
nal of said sixth BPT and the reference voltage bus; 
and 

the respective resistances of said first and second 
resistors being equal to each other and each having 
a tolerance of no more than \%. 
1. The line driver circuit of claim 6 wherein said drive 
control signal consists of first, second, third and fourth 
drive control signals, said first and second drive control 
signals being complementary and said third and fourth 
drive control signals being complementary, said control 
means including: 
a first differential amplifier having noninverting and 
inverting inputs for respectively receiving said first 
and second drive control signals, said first differen- 
tial amplifier having noninverted and inverted out- 
puts respectively coupled to the base terminals of 
said first and third BPTs; and 
a second differential amplifier having noninverting 
and inverting inputs for respectively receiving said 
third and fourth drive control signals, said second 
differentia] amplifier having noninverted and in- 
verted outputs respectively coupled to the base 
terminals of said second and fourth BPTs. 
8. The line driver circuit of claim 7 wherein 
said first differential amplifier comprises emitter cou- 
pled logic circuitry and includes a logic zero volt- 
age reference terminal; 
a third resistor coupled to the logic zero voltage 

reference terminal; 
a fourth resistor coupled between the first resistor 

and the reference voltage bus; 
a capacitor coupled at one end to a junction point 
between said third and fourth resistors and at its 
other end to the reference voltage bus; and 
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said base terminals of said fifth and sixth BPTs being 
coupled to the junction point to receive the prede- 
termined voltage. 

9. The line driver circuit of claim 8 wherein the third 
resistor is an adjustable resistor such that the predeter- 5 
mined current magnitude can be increased or decreased 
by adjusting said third resistor to respectively decrease 
or increase its resistance. 

10. A line driver circuit for providing a balanced 
three-level line driving signal in a system for driving a 10 
transmission medium through at least a first drive trans- 
former, the three-level signal consisting of a positive 
differential, a baseline and a negative differential signal 
level, the drive transformer having a primary winding 
and a secondary winding, the primary winding having 15 
first and second terminals for coupling to said line 
driver circuit, the secondary winding for coupling to a 
pair of conductors in the transmission medium, said line 
driver circuit responsive to an externally generated 
drive control signal that determines a required level of 20 
the three-level signal, said line driver circuit compris- 
ing: 

a DC voltage source; 
a reference voltage bus; 

a first electrical load coupled between said voltage 25 
source and said reference voltage bus; 

a second electrical load coupled between said voltage 
source and said reference voltage bus, said first and 
second loads being equal in magnitude; 

first current source means, coupled between said first 30 
load and said reference voltage bus and responsive 
to the drive control signal, for conducting or not 
conducting a predetermined current magnitude in 
accordance with the drive control signal; 

second current source means, coupled between said 35 
first load and said reference voltage bus and re- 
sponsive to the drive control signal, for conducting 
or not conducting the predetermined current mag- 
nitude in accordance with the drive control signal; 

third current source means, coupled between said 40 
second load and said reference voltage bus and 
responsive to the drive control signal, for conduct- 
ing or not conducting the predetermined current 
magnitude in accordance with the drive control 
signal; 45 

fourth current source means, coupled between said 
second load and said reference voltage bus and 
responsive to the drive control signal, for conduct- 
ing or not conducting the predetermined current 
magnitude in accordance with the drive control 50 



a first output terminal, between said second load and 
said third current source means, for coupling to the 
first terminal of the transformer primary winding; 

a second output terminal, between said first load and 55 
said first current source means, for coupling to the 
second terminal of the transformer primary wind- 
ing; 

said first, second, third and fourth current source 
means responsive to the drive control signal such 60 
that said first and second current source means are 
conducting and said third and fourth current 
source means are nonconducting when the nega- 
tive differential signal level of the three-level signal 
is required; 65 

said first, second, third and fourth current source 
means responsive to the drive control signal such 
that said first and second current source means are 



nonconducting and said third and fourth current 
source means are conducting when the positive 
differential signal level of the three-level signal is 
required; and 

said first, second, third and fourth current source 
means responsive to the drive control signal such 
that said second and fourth current source means 
are nonconducting and said first and third current 
source means are conducting when the baseline 
level pf the three-level signal is required. 

11. The line driver circuit of claim 10 wherein each of 
said first and second loads is a resistance; and 

the sum of the resistances of said first and second 
loads is substantially equal to a resistive portion of 
the characteristic impedance of the conductor pair. 

12. The line driver circuit of claim 11 wherein the 
resistance of each of said first and second loads has a 
tolerance of no more than 1%. 

13. The line driver circuit of claim 10 further includ- 
ing control means, coupled to receive said drive control 
signal, for providing switching control signals to said 
first, second, third and fourth current source means to 
control the conducting state of each of said first, sec- 
ond, third and fourth current source means. 

14. The line driver circuit of claim 13 wherein 

said first current source means includes a first bipolar 
transistor (BPT) having a collector terminal cou- 
pled to said first output terminal, 
said second current source means includes a second 
BPT having a collector terminal coupled to said 
first output terminal, 
said third current source means includes a third BPT 
having a collector terminal coupled to said second 
output terminal, and 
said fourth current source means includes a fourth 
BPT having a collector terminal coupled to said 
second output terminal; 
said line driver circuit further including: 
a fifth BPT having a collector terminal connected 
in common with emitter terminals of said first 
and third BPTs, an emitter terminal of said fifth 
BPT being coupled to the reference voltage bus; 
a sixth BPT having a collector terminal connected 
in common with emitter terminals of said second 
and fourth BPTs, an emitter terminal of said 
sixth BPT being coupled to the reference voltage 
bus; 

base terminals of said fifth and sixth BPTs being 
coupled in common to receive a predetermined 
voltage; and 

base terminals of said first, second, third and fourth 
BPTs being coupled to receive said switching 
signals. 

15. The line driver of claim 14 further including: 

a first resistor coupled between the emitter terminal 
of said fifth BPT and the reference voltage bus; 

a second resistor coupled between the emitter termi- 
nal of said sixth BPT and the reference voltage bus; 
and 

the respective resistances of said first and second 
resistors being equal to each other and each having 
a tolerance of no more than Wo. 

16. The line driver circuit of claim 14 wherein said 
drive control signal consists of first, second, third and 
fourth drive control signals, said first and second drive 
control signals being complementary and said third and 
fourth drive signals being complementary, said control 
means including: 
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a first differential amplifier having" noninverting and 
inverting inputs for respectively receiving said first 
and second drive control signals, said first differen- 
tial amplifier having noninverted and inverted out- 
puts respectively coupled to the base terminals of 5 
said first and third BPTs; and 

a second differential amplifier having noninverting 
and inverting inputs for respectively receiving said 
third and fourth drive control signals, said second 
differential amplifier having noninverted and in- 10 
verted outputs respectively coupled to the base 
terminals of said second and fourth BPTs. 

17. The line driver circuit of claim 7 wherein said first 
differential amplifier comprises emitter coupled logic 
circuitry and includes a logic zero voltage reference 15 
terminal; 

a third resistor coupled to the logic zero voltage 

reference terminal; 
a fourth resistor coupled between the first resistor 

and the reference voltage bus; 20 
a capacitor coupled at one end to a junction point 

between said third and fourth resistors and at its 

other end to the reference voltage bus; and 
said base terminals of said fifth and sixth BPTs being 

coupled to the junction point to receive the prede- 25 

termined voltage. 

18. The line driver circuit of claim 17 wherein the 
third resistor is an adjustable resistor such that the pre- 
determined current magnitude can be increased or de- 
creased by adjusting said third resistor to respectively 30 
decrease or increase its resistance. 

19. The line driver circuit of claim 10 for providing a 
second balanced three-level line driving signal for driv- 
ing a second pair of conductors of the transmission 
medium through a second drive transformer, the second 35 
drive transformer having a primary winding and a sec- 
ondary winding, the primary winding having first and 
second terminals for coupling to said line driver circuit, 
the secondary winding for coupling to the second pair 
of conductors, said line driver circuit responsive to an 40 
externally generated second drive control signal that 
determines the required level of the second three-level 
signal, said line driver circuit further comprising: 

means for driving the second transformer with the 
second three-level signal. 45 

20. The line driver circuit of claim 19, said means for 
driving the second transformer including: 

a third electrical load coupled between said voltage 
source and said reference voltage bus; 

a fourth electrical load coupled between said voltage 50 
source and said reference voltage bus, said third 
and fourth loads being equal in magnitude; 

fifth current source means, coupled between said 
third load and said reference voltage bus and re- 
sponsive to the second drive control signal, for 55 
conducting or not conducting a second predeter- 
mined current magnitude in accordance with the 
second drive control signal; 

sixth current source means, coupled between said 
third load and said reference voltage bus and re- 60 
sponsive to the second drive control signal, for 
conducting or not conducting the second predeter- 
mined current magnitude in accordance with the 
second drive control signal; 

seventh current source means, coupled between said 65 
fourth load and said reference voltage bus and 
responsive to the second drive control signal, for 
conducting or not conducting the second predeter- 



mined current magnitude in accordance with the 
second drive control signal; 

eighth current source means, coupled between said 
fourth load and said reference voltage bus and 
responsive to the second drive control signal, for 
conducting or not conducting the second predeter- 
mined current magnitude in accordance with the 
second drive control signal; 

a third output terminal, between said fourth load and 
said seventh current source means, for coupling to 
the first terminal of the second transformer primary 
winding; 

a fourth output tenninal, between said third load and 
said fifth current source means, for coupling to the 
second tenninal of the second transformer primary 
winding; 

said fifth, sixth, seventh and eighth current source 
means responsive to the second drive control signal 
such that said fifth and sixth current source means 
are conducting and said seventh and eighth current 
source means are nonconducting when the nega- 
tive differential signal level of the second three- 
level signal is required; 

said fifth, sixth, seventh and eighth current source 
means responsive to the second drive control signal 
such that said fifth and sixth current source means , 
are nonconducting and said seventh and eighth 
current source means are conducting when the 
positive differential signal level of the second 
three-level signal is required; and 

said fifth, sixth, seventh and eighth current source 
means responsive to the second drive control signal 
such that said sixth and eighth current source 
means are nonconducting and said fifth and sev- 
enth current source means are conducting when 
the baseline signal level of the second three-level 
signal is required. 

21. A system for receiving a serial binary data signal 
at a first data rate and a clock signal associated with the 
data signal and transmitting the data of the data signal 
over first and second pairs of conductors in a transmis- 
sion medium, said system comprising: 

demultiplexing means, including inputs for receiving 
the serial binary data signal and the associated 
clock signal, for providing first and second serial 
binary data signals each at a second data rate that is 
approximately one-half the first data rate and for 
providing first and second clock signals respec- 
tively associated with the first and second data 
signals; 

encoder means, including inputs for receiving the 
first and second data signals and first and second 
clock signals, for encoding the first and second data 
signals and for providing drive control signals cor- 
responding to the encoded first and second data 
signals; and 

line driver means, having an input for receiving the 
drive control signals and first and second outputs 
for coupling to the first and second conductor 
pairs, for respectively driving the first and second 
conductor pairs with first and second multi-level 
encoded signals in accordance with the drive con- 
trol signals. 

22. The line driving system of claim 21 further includ- 
ing first and second transformers having primary wind- 
ings respectively coupled to the first and second outputs 
of said line driving means; and 
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said first and second transformers having secondary 
windings respectively for coupling to the first and 
second conductor pairs. 

23. The line driving system of claim 22 wherein each 
of said first and second multi-level encoded signals 5 
consists of a positive differential, a baseline and a nega- 
tive differential signal level, the primary winding of 
each transformer having first and second terminals, said 
drive control signals comprising first and second drive 
control signals; 10 

said line driving means including two substantially 
identical line driver circuits respectively coupled 
to receive the first and second drive control signals, 
each said line driver circuit including 
a DC voltage source, 15 
a reference voltage bus, 

a first electrical load coupled between said voltage 
source and said reference voltage bus, 

a second electrical load coupled between said volt- 
age source and said reference voltage bus, said 20 
first and second loads being equal in magnitude, 

first current source means, coupled between said 
first load and the reference voltage bus and re- 
sponsive to the drive control signal, for conduct- 
ing a first current magnitude, a second current 25 
magnitude that is twice the first current magni- 
tude or no current, 

second current source means, coupled between 
said second load and the reference voltage bus 
and responsive to the drive control signal, for 30 
conducting the first current magnitude, the sec- 
ond current magnitude or no current, 

a first output terminal, between said second load 
and said second current source means, for cou- 
pling to the first terminal of the transformer 35 
primary winding, 

a second output terminal, between said first load 
and said first current source means, for coupling 
to the second terminal of the transformer pri- 
mary winding, 40 

said first and second current source means being 
responsive to the drive control signal such that 
said first current source means conducts no cur- 
rent and said second current source means con- 
ducts the second current magnitude when the 45 
negative differential signal level of the three- 
level signal is required, 

said first and second current source means being 
responsive to the drive control signal such that 
said first current source means conducts the sec- 50 
ond current magnitude and said second current 
source means conducts no current when the 
positive differential signal level of the three-level 
signal is required, and 

said first and second current source means being 55 
responsive to the drive control signal such that 
each of said first and second current source 
means conducts the first current magnitude 
when the baseline level of the three-level signal 
is required. 60 

24. A line driver circuit for providing a balanced 
N-signal-lcvel line driving signal in a system for driving 
a transmission medium through a drive transformer, 
where N is an odd integer, one of the signal levels is a 
baseline level and the remaining signal levels are uni- 65 
formly distributed above and below the baseline level, 
the drive transformer having a primary winding and a 
secondary winding, the primary winding having first 



and second terminals for coupling to said line driver 
circuit, the secondary winding for coupling to a pair of 
conductors in the transmission medium, said line driver 
circuit responsive to an externally generated drive con- 
trol signal that determines a required level of the N- 
level signal, said line driver circuit comprising: 

a DC voltage source; 

a reference voltage bus; 

a first electrical load coupled between said voltage 
source and said reference voltage bus; 

a second electrical load coupled between said voltage 
source and said reference voltage bus, said first and 
second loads being equal in magnitude; 

first current source means, coupled between said first 
load and the reference voltage bus and responsive 
to the drive control signal, for either conducting a 
selected one of a predetermined number of current 
magnitudes or conducting no current; 

second current source means, coupled between said 
second load and the reference voltage bus and 
responsive to the drive control signal, for either 
conducting a selected one of the predetermined 
number of current magnitudes or conducting no 
current; 

a first output terminal, between said second load and 
said second current source means, for coupling to 
the first terminal of the transformer primary wind- 
ing; 

a second output terminal, between said first load and 
said first current source means, for coupling to the 
second terminal of the transformer primary wind- 
ing; 

said first and second current source means responsive 
to the drive control signal such that said first cur- 
rent source means conducts no current and said 
second current source means conducts a selected 
one of the current magnitudes when one of the 
signal levels below the baseline level of the N-level 
is required; 

said first and second current source means responsive 
to the drive control signal such that said first cur- 
rent source means conducts a selected one of the 
current magnitudes and said second current source 
means conducts no current when one of the signals 
above the baseline level of the N-level signal is 
required; and 

said first and second current source means responsive 
to the drive control signal such that each of said 
first and second current source means conducts an 
identical one of the current magnitudes when the 
baseline level of the N-level signal is required. 

25. The line driver circuit of claim 24 wherein 
each of said first and second loads is a resistance; and 
the sum of the resistances of said first and second 

loads is substantially equal to a resistive portion of 
the characteristic impedance of the conductor pair. 

26. The line driver circuit of claim 24 further includ- 
ing control means, coupled to receive said drive control 
signal, for providing switching control signals to said 
first and second current source means to control the 
conducting state of each of said first and second current 
source means. 

27. A method for providing a balanced three-level 
line driving signal from a line driver circuit for driving 
a transmission medium, the three-level signal consisting 
of a positive differential, a baseline and a negative differ- 
ential signal level, the line driver circuit driving the 
transmission medium through a drive transformer hav- 
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ing a primary winding and a secondary winding, the 
primary winding having first and second terminals for 
coupling to the line driver circuit, the secondary wind- 
ing for coupling to a pair of conductors in the transmis- 
sion medium, the line driver circuit including a DC 5 
voltage source, a reference voltage bus, a first electrical 
load coupled between the voltage source and the refer- 
ence voltage bus, a second electrical load coupled be- 
tween the voltage source and the reference voltage bus, JQ 
the first and second loads being equal in magnitude, a 
first current source between the first load and the refer- 
ence voltage bus, and a second current source between 
the second load and the reference voltage bus, the 
method comprising the steps of: 15 
conducting a first current magnitude through each of 
the first and second current sources when the base- 
line level of the three-level signal is required; 



conducting no current through the first current 
source and conducting a second current magnitude 
through the second current source when the nega- 
tive differential signal level of the three-level signal 
is required; and 

conducting the second current magnitude through 
the first current source and conducting no current 
through the second current source when the posi- 
tive differential signal level of the three-level signal 
is required. 

28. The method of claim 27 including the further step 



of: 



generating a line drive control signal that determines 
a required signal level of the three-level signal; and 

controlling the respective conductivities of the first 
and second current sources in accordance with the 
line drive control signal. 
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